We have synthesized and characterized a variety of fat-soluble, low-melting and medicinally useful 4-aryl-4H-chromenes from H-cardanol (side-chain perhydrogenated cardanol, 3-pentadecylphenol), a renewable and low-cost product from locally grown cashew nut trees (Anacardium occidentale L.). We incorporated H-cardanol into the aromatic rings of either 4H-chromene or phenol, or both. Substitution of C4SMe in N-methyl-4-(methylthio)-3-nitro-4Hchromene-2-amines with H-cardanol was regio-specific at the C6 position. Scheme 1:Synthesis of a library of 4-aryl-4H-chromenes 2a-i. Scheme 2: Synthesis of H-cardanol based 3-nitro-4H-chromenes 2j-n. Scheme 3:Synthesis of 4-aryl-4H-chromenes 2o-r. Scheme 4:Synthesis of 4-aryl-4H-chromene 2s incorporating two H-cardanol units.
The cashew nut tree (Anacardium occidentale L.), found in tropical lands, is the source of cashew nuts and "cashew nut shell liquid" (CNSL) [1] . While the use of cashew nuts as a food material is known from ancient times, only in recent years has CNSL been used for commercial purposes. The main component of cardanol oil, obtained after processing CNSL, is mostly a mixture of varying proportions of H-cardanol (side-chain perhydrogenated cardanol, 3-pentadecylphenol), 3-(pentadeca-8-enyl)phenol, 3-(pentadeca-8,11-dienyl)phenol and 3-(pentadeca-8,11,14-trienyl)phenol [2] . Room temperature hydrogenation of cardanol oil on a palladium catalyst provides H-cardanol (1) (Figure 1 ), exclusively [3] . H-cardanol is endowed with two important structural elements, namely (i) a phenolic hydroxyl, which can be used for further chemical modification of the phenolic scaffold, and (ii) a long flexible 15-carbon tail, which imparts fat-like hydrophobic characteristics to the derived product. Thus, in two industrially feasible steps, the cashew nut tree provides a renewable source of H-cardanol, which is open for the preparation of value added, commercially available and technologically useful products [4] . Moreover, H-cardanol is very difficult to synthesize purely based on laboratory methods. Since phenols are a major source of polymers, not surprisingly, the main focus on the use of H-cardanol has been on the synthesis of polymeric materials having soft-material characteristics [5] . In addition, H-cardanol has been a source for the preparation of biocomposites [6] , resins [7] , plasticizers [8] , surfactants [9] , emulsifiers [10] , and lubricants [11] . There have been sporadic reports on the chemical modification of H-cardanol with the aim for synthesis and characterization of non-polymeric products of importance. We have recently reported the synthesis and characterization of a robust and versatile soft-hydrogel derived from H-cardanol and a glucose conjugate [12] . In addition, there have been reports on the synthesis of H-cardanol embedded or linked benzoxazines [13] , porphyrin [14] , phthalocyanine [15], and fullerene [16] . To our knowledge there are no reports on the use of H-cardanol for the synthesis of medicinally important heterocyclic compounds such as chromenes. We now report the facile synthesis and characterization of H-cardanol based 4-aryl-4H-chromenes of type 2 (Figure 1 ). 4-Aryl-4H-chromenes are sought-after medicinally privileged scaffolds as their derivatives exhibit anticancer activity by preventing abnormal cell division (apoptosis) [18] . In addition, some of the naphthol based 4-aryl-4H-chromenes show anti-bacterial activity [19] . We have previously described a facile, high-yielding and convenient two-step synthesis of 4-aryl-4H-chromenes by atom-economic condensation of a variety of 2hydroxybenzaldehydes (salicylaldehydes) with N-alkyl/aryl-N-[(E)-1-(methylsulfanyl)-2-nitro-1-ethenyl]amines (NMSM derivatives), followed by reaction of the product with a variety of phenols [20] . Here, we have extended this study to the synthesis and characterization of a variety of H-cardanol based 4-aryl-4Hchromenes 2 wherein H-cardanol is part of either the aromatic ring of the 4H-chromene (ring A in 2) or phenol (ring B in 2), or both. The 4-aryl-4H-chromenes 2 have embedded a nitroketene-O,Nacetal unit, which is highly polarized due to the strong electron withdrawing nature of the nitro-group and the equally strong electron donating nature of the conjugated oxygen and methyl amine groups. Additionally, phenolic hydroxyl is well disposed to stabilizing intramolecular hydrogen bonding interactions with the nitro group. The 4-aryl-4H-chromenes 2 incorporating the H-cardanol motif can be viewed as molecules with a polar head (hydrophilic) and a long non-polar tail (lipophilic), similar to some surfactants. Thus, the pentadecyl chain in 2 is expected to impart a fine balance between the lipophilic and hydrophilic characteristics of the potential drug molecule [17] . Also, it is possible that such a molecule could implant in a lipophilic region of the cell walls. Our initial efforts were directed towards the synthesis of a small library of 4-aryl-4H-chromenes (2a-i), in which the phenol portion (Ring B of 2, Figure 1 ) has been derived from H-cardanol (1) and the 4H-chromene portion from 4H-chromenes 3a-i (Scheme 1). The 4H-chromenes 3a-i were prepared by atom-economic condensation of a variety of 2-hydroxybenzaldehydes (salicylaldehyde) and N-methyl-N-[(E)-1-(methylsulfanyl)-2-nitro-1-ethenyl]amine (NMSM) [21] . In the first run, we performed the reaction of 3a with H-cardanol (1) in ethanol reflux. This reaction provided 4-aryl-4Hchromene (2a), exclusively; the substitution of C4SMe in 2a with H-cardanol was completely regioselective with respect to H-cardanol (1) . The electrophilic substitution was at the orthoposition of the phenolic hydroxyl and at the C6 position of Hcardanol (1) showing that hydrogen bonding interactions with the nitro group and the less crowded C6 position of the aromatic ring was responsible for the regioselectivity. The substitution at C2 of H-cardanol is difficult due to steric hindrance from the 15C-chain hydrocarbon substituent. Unlike its parent 4-aryl-4H-chromene (2: R 1 = R 2 = H, Figure 1) [20], H-cardanol based 4-aryl-4H-chromene 2a was freely soluble in hexane and chloroform, due to the 15C long hydrocarbon chain. As anticipated, 2a melted at a much lower temperature than the parent compound. The 1 H NMR spectrum of 2a displayed a characteristic singlet at δ 5.71 ppm, attributable to C4H of 4H-chromene and is consistent with the assigned structure. Some of the signals in the 13 C NMR spectrum of 2a were split into two, indicating the occurrence of two rotational isomers of 2a. Owing to restricted rotation imposed by intramolecular hydrogen bonding, the hydroxyl group could be syn to C4H or anti to it to generate atropoisomers.
Next, we demonstrated the generality of substitution of the C4SMe group in 4H-chromene 3 with H-cardanol (1) by its reaction with eight more 4H-chromenes with C4SMe (3b-i) to realize in all nine derivatives of 4-aryl-4H-chromenes (2a-i) (Scheme 1) Each of the 4-aryl-4H-chromenes 2b-i displayed spectra comparable with 2a with a characteristic singlet located at about δ 5.6 ppm in their respective 1 H NMR spectra.
Having demonstrated the facile synthesis of 4-aryl-4H-chromenes of type 2, it was our next task to incorporate H-cardanol into the aromatic ring (ring A in 2, Figure 1 ) of 4H-chromene. For this purpose H-cardanol was formylated with paraformaldehyde in the presence of stannic chloride and tri-n-butylamine in toluene to afford 2-hydroxybenzaldehyde derivative 4 [22] . The reaction of formylated H-cardanol (4) with NMSM 5 under 1,8-diazabicyclo [5.4 .0]undec-7-ene (DBU) catalysis in a 1:1 mixture of methanol and methyl tert-butyl ether (MTBE) furnished 4H-chromene 6 (Scheme 2). We then subjected 6 to reaction with five different phenols to realize five 4-aryl-4H-chromenes (2j-n) (Scheme 2). Similar to 4-aryl-4H-chromenes 2a-i the 4-aryl-4Hchromenes 2j-n were freely soluble in hydrocarbon solvents like hexane and toluene.
The 4H-chromene 6 was then treated with three 2-naphthols, namely 2-naphthol (8a), 6-bromo-2-naphthol (8b) and 7-methoxy-2-naphthol (8c) to realize the corresponding 4-aryl-4H-chromenes (2o-q) in excellent yield (Scheme 3). Similarly, the reaction of 1-naphthol (9) with 4H-chromene 6 furnished 4-aryl-4H-chromene 2r. Interestingly, electrophilic substitution of 1-naphthol took place at the C2 position instead of the more favored C4 position, possibly due to hydrogen bond interactions of the phenolic hydroxyl group with the nitro-group.
Finally, we conducted the reaction of H-cardanol derived 4H-chromene 6 with H-cardanol (1) (Scheme 4). This reaction provided 4-aryl-4H-chromene (2s) in good yield as a waxy solid. The 1 H and 13 C NMR spectra confirmed the assigned structure. The end-to-end carbon chain length in 2s incorporates 39 carbon atoms. The 4H-chromene 2s can be viewed as diarylmethane incorporating two pentadecyl units. The 4-aryl-4H-chromene 2s has a polar core with two long chain pentadecyl, non-polar and hydrophobic wings. Such molecules, when properly aggregated, could exhibit liquid crystallinity and the ensuing display characteristics [23] .
Representative procedure for preparation of 2-(2-(methylamino)-3-nitro-4H-chromen-4-yl)-5-pentadecylphenol 2a:
A solution of C4-SMe 4H-chromene (3a) (0.5 g, 2.0 mmol) and H-cardanol (1) (1.8 g, 5.9 mmol) in ethanol (10 mL) was heated under reflux for 15 h by which time the reaction was complete (TLC). The reaction mixture was cooled to room temperature. Removal of solvent resulted in a crude product, which was purified by CC with increasing percentages of ethyl acetate in hexanes (10% to 20%) to yield 2a (0.44 g, 87%) as a colorless solid. 
2-(6-Methyl-2-(methylamino)-3-nitro-4H-chromen-4-yl)-5pentadecylphenol (2b):

2-(6-Methoxy-2-(methylamino)-3-nitro-4H-chromen-4-yl)-5pentadecylphenol (2c):
A solution of C4-SMe 4H-chromene (3c) (0.2 g, 0.7 mmol) and H-cardanol (1) -2-(methylamino)-3-nitro-4H-chromen-4-yl) ). 13 
2-(6-Ethyl-2-(methylamino)-3-nitro-4H-chromen-4-yl)-5pentadecylphenol (2d):
2-(6-Chloro-2-(methylamino)-3-nitro-4H-chromen-4-yl)-5pentadecylphenol (2e):
2-(6-Bromo-2-(methylamino)-3-nitro-4H-chromen-4-yl)-5pentadecylphenol (2f):
2-(6-Chloro-7-methyl-2-(methylamino)-3-nitro-4H-chromen-4-yl)-5-pentadecylphenol (2g):A solution of C4-
2-(8-Methoxy
2-(8-Ethoxy-2-(methylamino)-3-nitro-4H-chromen-4-yl)-5pentadecylphenol (2i):
N-Methyl-4-(methylthio)-3-nitro-7-pentadecyl-4H-chromen-2amine (6):
2-(2-(Methyl amino)-3-nitro-7-pentadecyl-4H-chromen-4yl)phenol (2j):
A solution of C4-SMe 4H-chromene (6) (0.1 g, 0.2 mmol) and phenol (7a)(0.06 g, 0.6 mmol) in EtOH (4 mL) was refluxed for 13 h providing 2j (0.09 g, 82%) as a colorless solid. 
2-Methyl-6-(2-(methylamino)-3-nitro-7-pentadecyl-4H-chromen-4-yl)phenol (2k):
5-Chloro-2-(2-(methylamino)-3-nitro-7-pentadecyl-4H-chromen-4-yl)phenol (2l):
A solution of C4-SMe 4H-chromene (6) (0.1 g, 0.2 mmol) and 3-chlorophenol (7c) (0.08 g, 0.6 mmol) in EtOH (4 mL) was refluxed for 24 h providing 2l (0.062 g, 53%) as a colorless solid. 
MP
4-Methoxy-2-(2-(methylamino)-3-nitro-7-pentadecyl-4Hchromen-4-yl)phenol (2m):
A solution of C4-SMe 4H-chromene (6)(0.1 g, 0.2 mmol) and 4-methoxyphenol (7d) (0.08 g, 0.6 mmol) in EtOH (6 mL) was refluxed for 12 h to provide compound 2m (0.05 g, 43%) as a colorless solid.
